+ 5mm.
Remarks Lymph nodes involved Negro
Coal-miner the information available is insufficient to make it reasonably certain that they fitted into the pattern.
Most of the patients have certain features in common. They were middle-aged or elderly men or women with a fairly long history of gradually increasing shortness of breath. With the exception of the cases of Rubenstein, Gutstein, and Lepow (1955) , shortness of breath had been present for at least a year, four to seven years being the commonest range. In one of our patients dyspnoea was present for 15 years. Cough is a common symptom but is seldom distressing. Sputum may be present, but it is often absent or scanty. Wheezing is not a feature. Clubbing of the fingers and crepitations at the lung bases are frequent findings. Where respiratory function tests have been done there is a common pattern of reduced vital capacity without airways obstruction together with impairment of diffusion. Radiologically the lungs show diffuse bilateral mottling and fibrosis, occasionally with some shift of the mediastinum to one side. Honeycombing or small cysts may be visible. These features may show progression over a number of years. Spontaneous pneumothorax has only once been reported (Jerry and Ritchie, 1964) . Five patients were still alive when reported, but death usually resulted from respiratory insufficiency or sometimes from right ventricular failure.
At necropsy the pleural spaces were usually free and the lungs small or fairly normal in volume. Their surface was often knobbly like a cirrhotic liver (Fig. 1) . The cut surface usually, but not invariably, showed honeycombing affecting many parts, most of the cysts measuring 3 to 15 mm. in diameter. Histologically the lungs showed little normal structure. In the honeycombed areas there was extensive loss of alveolar tissue and its replacement by fibrous tissue and muscle with little or no evidence of active inflammation. The surviving air spaces were dilated to form cysts which were often lined by cubical or columnar epithelium. There was a marked excess of smooth muscle, usually surrounding the air spaces and blood vessels but also lying scattered in haphazard fashion in the fibrous tissue and often in thick bundles under the pleura. The cases did not show clinical or necropsy evidence of such conditions as tuberose sclerosis, xanthomatosis, scleroderma, or rheumatoid arthritis. In one of our cases, however, the Rose-Waaler test was positive, as was the rheumatoid latex fixation test in another.
The clinical, radiological, and physiological pattern is indistinguishable from chronic diffuse fibrosing alveolitis, and this diagnosis was made in all our cases. Lung biopsy or necropsy, however, revealed the muscular hyperplasia described in muscular 'cirrhosis' of the lung. (Fig. 3) .
The heart showed generalized dilatation and slight right ventricular hypertrophy.
Histology of the lungs The most striking feature was the presence of abundant plain muscle around and between the cysts and under the pleura. The muscle often formed a distinct coat around the cysts, particularly subpleurally (Fig. 4) . but it was also present in some areas as thick subpleural slabs unrelated to the honeycombing (Fig. 5) . The collagenous stroma was variable in amount, but in most places it was overshadowed by the plain muscle. There was much cellular desquamation due to post-mortem autolysis, but in some areas a cubical or columnar epithelium lined the cysts. Chronic inflammatory cells were scanty. Towards the centres of the upper and lower lobes of both lungs the structure was essentially normal, apart from patchy areas of interstitial fibrosis. There was an acute bronchopneumonia, best developed in the lower lobes.
In two sections from the left lung a few small cysts were lined by chronic granulation tissue containing an occasional Langhan's giant cell. This was considered to be a tuberculoid type of reaction to the mycobacterium isolated from the sputum during life.
The Chronic diJffuse fibrosing alveolitis oxygen saturation was 970O at rest and 86% on exercise. The arterial pH was 7-24 and the Pco2 53 mm. Hg. The carbon monoxide diffusing capacity was 6-5 ml./min./mm. Hg (steady-state method).
After thoracotomy biopsies of the right upper and lower lobes were taken. The pleura was free. The lung contracted considerably on opening the pleural cavity, and it felt fibrotic. Its surface was covered with small cysts.
His post-operative course was very stormy, due to a recurrent right pneumothorax. A remarkable degree of negative intrapleural pressure was noted, amounting to 60 to 75 cm. of water. He died four weeks after operation.
Biopsy of lung The normal lung architecture was completely destroyed. The tissue consisted of small bronchi and cysts lined by bronchiolar epithelium, surrounded by thick sheaths of smooth muscle (Fig.  7 ). There was little fibrosis and no evidence of active inflammation.
Necropsy The body was that of a thin, middleaged man with clubbed fingers and a thoracotomy scar. There was an advanced calcific aortic stenosis with left ventricular hypertrophy and a recent fibrinous pericarditis with early organization. The lungs felt firm throughout. and subpleural cysts were prominent over the surfaces of the lower lobes. After perfusion with formalin, the lungs were sliced and showed honeycomb changes throughout the lower lobes, with smaller areas of honeycombing in the other lobes (Fig. 8) .
Histology of lungs The honeycomb cysts were 'Lined by bronchiolar epithelium and were often embedded in sheaths of hypertrophied smooth muscle. The pulmonary vessels showed marked medial hypertrophy, and areas of smooth muscle in zones of interstitial fibrosis often appeared to arise from vessel walls. The bronchi showed focal squamous metaplasia. and there were many spicules of ectopic bone in the interstitial fibrous tissue. She was well nourished. She had clubbing of the fingers, which had appeared about five years earlier. There were fine crepitations over the lower halves of both lungs, and she was dyspnoeic on slight exertion. She was tender over the lower thoracic spine, but there was no other clinical abnormality. The haemoglobin and white blood count were normal, and the erythrocyte sedimentation rate was 45 mm. in one hour (Westergren).
She was found to have marked spinal osteoporosis with collapse of several thoracic vertebrae. The serum calcium was 10-3 mg./100 ml., inorganic phosphate 3-6 mg./100 ml., alkaline phosphatase 20 K.A. units/ 100 ml. The serum proteins were normal, and no Bence-Jones proteose was detected in the urine. On a low calcium diet the daily urinary calcium output over three days averaged 125 mg. She was considered to have post-menopausal osteoporosis and was put on a high calcium diet. The back pain improved and was not troublesome thereafter.
Her vital capacity was 1.1 1., F.E.V.1.o 0.99 1., oxygen saturation 89% (ear oximeter), and carbon monoxide diffusing capacity 9-8 ml./min./mm. Hg (steady-state method). The electrocardiogram showed no abnormality. The rheumatoid latex fixation test was negative. The chest radiograph showed small lungs with high diaphragms. There was diffuse nodulation and some honeycombing (Fig. 14) . Her previous radiographs were traced. Those taken in 1953 and 1954 showed nodulation in the left midzone and possibly some fine mottling in the remainder. The films taken in 1958 showed coarser nodulation throughout both lungs, more marked on the left side. The 1964 films showed further progress with shrinkage in lung volume and elevation of the diaphragms.
A diagnosis of chronic diffuse fibrosing alveolitis was made, but because of her age and the long duration of the disease it was anticipated that the lungs would show the changes of 'muscular cirrhosis'. It was considered that treatment with corticosteroids would not be of value, and she went home.
There was little change in her condition over the next few months, but by the end of 1964 she was more short of breath and hyperventilating at rest. She had also developed mild ankle oedema. She died fairly suddenly at home on 11 January 1965, nearly seven years after the onset of dyspnoea and 12 years after the first radiographic evidence of disease. (Fig. 15) (Table III) . By November crepitations had developed at both lung bases. Treatment with prednisolone was tailed off in January. In April 1964 he was too short of breath to get out of bed and he died from respiratory insufficiency soon after, four years after the onset of shortness of breath.
Necropsy The body was that of a normally nourished elderly man. The pleural sacs were free, apart from adhesions around the site of lung biopsy. The trachea and bronchi contained mucopus. Both lungs felt firm, but the surfaces were not knobbly. They were distended with formalin and sectioned after fixation. They showed very early honeycombing in the posterior parts of both lower lobes and in the anterior part of the right upper lobe (Fig. 19) . None of the cysts measured more than 5 mm. in diameter. Elsewhere the lungs felt fibrotic.
The heart weighed 430 g. and showed generalized dilatation with right and left ventricular hypertrophy. The aortic valve was bicuspid with early calcific stenosis.
Histology of the lung In all lobes the histological features were those of chronic diffuse fibrosing alveolitis. There was still considerable lymphocytic and histiocytic infiltration along with the increase in reticulum and collagen fibres in the wall of the air spaces (Fig. 20) . In most areas plain muscle was not conspicuous, but it could be seen as small bundles or bands irregularly distributed throughout the fibrosed pulmonary framework. Occasionally were found large irregular sheaths of plain muscle (Fig. 21) . Where honeycombing was present muscle became more prominent (Fig. 22) , though nowhere reaching the proportions seen in cases 1 to 4. Acute bronchopneumonia was present in the lower lobes. The pulmonary arteries showed muscular hyperplasia and sclerosis. Chronic diffuse fibrosing alveolitis (Gonzalez-Licea and Perez-Tamayo, 1963) have speculated on the origin of the cystic spaces in the lungs. In our opinion it is impossible to say whether these are terminal bronchioles, respiratory bronchioles, alveolar ducts, or epithelialized alveoli, or a mixture of all these. We consider that the most important change in the lungs is the obliteration and destruction of respiratory tissue at alveolar level and that the cystic changes are secondary to this. As this is only in a very minor way a 'condition of the lung characterized by increase beyond the normal in the size of air spaces distal to the terminal bronchiole, either from dilatation or destruction of their walls' (Ciba Symposium definition of emphysema, 1959), it is incorrect to classify it as a form of emphysema. We do not agree with Siebert and Fisher (1957) that these cases show essentially the same physical and laboratory findings as do those with vesicular emphysema.
Because multiple small cysts are almost invariably a feature of this condition, it is one of the varieties of honeycomb lung. Oswald and Parkinson (1949) divided their cases of honeycomb lung into those with specific features and those without. Those with specific features were all young and had such diseases as xanthomatosis, biliary cirrhosis, tuberose sclerosis, or pituitary disorders. Their other cases were of uncertain aetiology, but spontaneous pneumothorax was common, whereas it has only once been reported in muscular cirrhosis of the lung. Heppleston (1956) , in discussing the pathology of honeycomb lung, likewise divided the cases into those with and without specific features. To the specific features he added such conditions as berylliosis, giant-cell pneumonia, disseminated tuberculosis treated with drugs, and scleroderma. In the cases without specific features he noted that the lungs often contained an excess of smooth muscle in greater or lesser degree. 'Muscular cirrhosis' of the lungs is therefore a non-specific form of honeycomb lung in which hyperplasia of smooth muscle is so marked as to be very prominent and to excite comment.
Heppleston in his series also classified one case as primary leiomyomatosis. We have not seen such a condition and cannot say whether it exists as an entity independent of tuberose sclerosis. Heppleston's patient had chylous ascites and pleural effusion, and this condition may be related to that described by Fraimow and Cathcart (1962) as 'intrathoracic angiomyomatous hyperplasia with chronic chylothorax and retrop?ritoneal pseudocystic-angiomyomatous hyperplasia'. Rosendal's (1942) patient included in Table I (1957) put forward an ingenious theory that it is a form of hypertrophic emphysema, but that hypoplasia of the distal respiratory unit caused the emphysema to be bronchiolar in location rather than 'vesicular'. Gonzalez-Licea and Perez-Tamayo (1963) consider the condition to be primarily a selective dilatation of the terminal bronchioles, a sort of no-man's-land between bronchiectasis and emphysema. They suggested idiopathic diffuse bronchiolectasis as the most appropriate name. Fraimow and Cathcart (1962) , however, speculated that the earliest change might be that of interstitial pulmonary fibrosis (diffuse fibrosing alveolitis) and pneumonitis.
We have already indicated that our cases and those described in the literature are indistinguishable on clinical, radiological, and physiological grounds from diffuse interstitial pulmonary fibrosis or chronic diffuse fibrosing alveolitis (Scadding, 1964; Gough, 1964) . Our cases 1 to 4 showed histological evidence in parts of both lungs, generally away from the honeycombed areas, of diffuse interstitial pulmonary fibrosis. Case 5, of shorter duration, was considered during life to be a further example of muscular cirrhosis of the lungs on the basis of the lung biopsy which contained a considerable amount of muscle. Necropsy, however, showed it to be an example of chronic diffuse fibrosing alveolitis with patchy muscular overgrowth. We have reviewed necropsy lung sections from other cases of chronic diffuse fibrosing alveolitis and have found evidence of muscular hyperplasia in several, particularly where honeycombing has occurred. From the sheer amount of muscle present in the cases of muscular cirrhosis we cannot accept that this is merely a condensation of existing muscle (Livingstone, Lewis, Reid, and Jefferson, 1964) due to the honeycombing, but consider it must be due to a real increase from hyperplasia.
The normal lung does contain a considerable amount of muscle in the walls of its blood vessels, bronchi, and bronchioles, including the respiratory bronchioles. Fine interweaving bands are also present in the alveolar ducts but not in the walls of the alveoli themselves. A few muscle fibres may also be present in the walls of the large subpleural 287 group.bmj.com on June 24, 2017 -Published by http://thorax.bmj.com/ Downloaded from lymphatics (Heppleston, 1963) . Liebow, Loring, and Felton (1953) stressed the difficulty of identifying the source of the increased muscle which is sometimes a feature of various chronic pulmonary diseases, and serial sections are often needed. We have occasionally identified abnormal bands of muscle arising from pre-existing bronchiolar muscle or hypertrophied blood vessels, but in most instances it is impossible to define the source. Th-e origin of the cysts in the honeycombed area also gives rise to doubt. Some are almost certainly distended bronchioles, but others may well be greatly enlarged alveolar ducts or even alveoli, particularly when the muscle forms a lattice-work among the cysts rather than a definite wall around each (Fig. 12) .
Some degree of muscular hyperplasia appears to us to be a common accompaniment of chronic diffuse fibrosing alveolitis. A study of a rapidly fatal case of three months' duration has shown tiny sheaths of proliferating muscle cells in the thickened and oedematous walls of the air spaces. Much of this proliferating muscle appears to be arising from respiratory bronchioles and alveolar ducts, and it is possible that at least some of the excess muscle in cases of muscular cirrhosis has originated from these sites.
The average age at the onset of dyspnoea is about the same in muscular cirrhosis as in chronic diffuse fibrosing alveolitis. The range for cases in Table I is 25 to 78 years with, as far as can be determined, a mean of 52 years and a median of 52 5 years. In the 45 cases of 'diffuse interstitial pulmonary fibrosis' reported by Livingstone et al. (1964) the range was 20 to 78 years, with a mean of 50 5 years and a median of 55 years. The duration of the disease tends to be longer in 'muscular cirrhosis'. Based on symptoms, it was five years or more in 15 out of 30 (50%), compared with 15 out of 45 (33%) in Livingstone's series. In contrast to Scadding's (1960) findings, Livingstone and his colleagues found that long survival was associated with an early onset and a short life with a later onset. Of the 26 who developed symptoms at the age of 50 or over, 16 (62%) were dead in less than three years and only five (19%) survived four years. This compares with three out of 18 (17%) dead in less than three years among those with muscular cirrhosis who developed symptoms at the age of 50 or more. Twelve (67°,) of these survived for over four years. It seems that if a person develops chronic diffuse fibrosing alveolitis at the age of 50 or more and survives longer than three years he tends to end up with muscular cirrhosis.
Cases of chronic diffuse fibrosing alveolitis which run a short course do not as a rule show honeycombing. Many of the more chronic cases, however, do show this as the main feature at necropsy, though the relationship between duration of disease and honeycombing is not clear-cut. The cysts occupy in the main the peripheral basal and lateral areas, the central and apical areas being spared (Gough, 1965) . Except in case 1, this is also the distribution in our patients, the posterior parts of the lower lobes being most heavily involved. It is almost certainly true that chronic diffuse fibrosing alveolitis is the commonest cause of honeycomb lung, and many papers on the pathology of the former mention fibromuscular hyperplasia as a common feature, e.g., Herbert, Nahmias, Gaensler, and MacMahon (1962) .
In our opinion, 'muscular cirrhosis of the lung' and 'bronchiolar emphysema' are descriptive terms for variants of chronic diffuse fibrosing alveolitis. A long duration, when the condition appears in the elderly, seems to provide a greater opportunity for honeycombing and muscular hyperplasia to develop. A satisfactory descriptive title for this condition would be a 'chronic diffuse fibrosing alveolitis with muscular hyperplasia and honeycombing".
It seems doubtful if exposure to coal and other dust plays a part in determining this variation of diffuse fibrosing alveolitis. Though three of our patients were coal-miners this may easily have occurred by chance because a considerable proportion of our patients are so employed. One of Siebert and Fisher's (1957) patients was a coal-miner and the one described by Brun, Perrin-Fayolle, Cassan, and Tommasi (1963) also had some dust exposure. Bowerman and Towbin's (1964) patient was a welder. Fourteen out of the 30 patients in Table I , however. are women, so it is unlikely that exposure to dust is very important. Even so, Chatgidakis (1960) found that nodular muscular hyperplasia was a common finding in the lungs of South African gold-and coal-miners.
In two of our three patients in whom the tests were done, the rheumatoid latex fixation test or the Rose-Waaler reaction were positive. Such findings are becoming increasingly recognized as features in patients with chronic diffuse fibrosing alveolitis who never develop rheumatoid arthritis (Turner-Warwick and Doniach, 1965; MacKay and Ritchie, 1965 
